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CONVERSION FACTORS

For the convenience of readers who may prefer to use metric (International
System) units rather than the inch-pound units used in this report, values may
be converted by using the following factors:

Multiply inch-pound unit By ! To obtain metric unit

Length
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 ? kilometer (km)

ares |
square mile (mi?) 2.590 square kilometer (km?)

Volume
cubic foot (ft?3) 0.02832 cubic meter (m?)

Flow

cubic foot per second (ft3/s) 0.02832 cubic meter per second (md¥/s)

Sea level: 1In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.
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Ground-water recharge and discharge in the study area are thought to be
in dynamic equilibrium. No long-term water-level declines are apparent, and
no large ground-water withdrawals are being made. The hydrograph of water
levels for the Madras city well (fig. 5) is probably representative of local
water levels. The seasonal declines in the hydrograph probably result from
pumping for public supply, whereas the long-term changes in the hydrograph
may be caused by climatic changes.
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Figure 5.--Water levels for Madras city well number 1, 1964-85.

Two test wells, located about one-half mile northwest and southwest
respectively of Round Butte Dam, showed water-level rises of about 100 feet,
from 1962, when storage behind the Dam began, until about 1975, when the
water level behind the dam stabilized. The ground-water rises were caused by
filling of Lake Billy Chinook behind Round Butte Dam. Water levels in these
wells have remained nearly unchanged from 1975 to 1985. Water levels in all
other wells measured within the study area during the period July 1985 to
September 1986 show only small seasonal changes, ranging from 1 to 4 feet.

Proportional Ground-Water Discharge to the Deschutes River

One of the purposes of this study was to determine the feasibility of
separating the total ground-water discharge to the Deschutes River into east
and west components, using existing data. The constraint of using only
existing data precluded drilling new wells to obtain additional lithologic
and hydraulic data.

Initially, in an attempt to determine the east and west components of
the total ground-water discharge, three digital-computer cross-sectional flow
models were constructed to coincide with the three geologic sections shown on
plate 1. The intent of the models was to simulate steady-state ground-water
discharge from each side of the Deschutes River at each of the three sections
and then to extrapolate the results to appropriate river reaches of the
Deschutes River between Round Butte Dam and Dant. However, during
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development of the models it was concluded that insufficient data
existed, particularly at depths greater than 500 feet, to verify the
model results. Without sufficient data to torroborate the model-
calculated hydraulic-head distribution at depth, the models as
constructed were regarded as preliminary.

Subsequently, because the model results were preliminary, the
separation of total discharge into east andl west components was made
using a more simplified method as follows.

A form of Darcy’s Law that is frequently used in ground-water
hydraulics problems for flow through porous media is

Q=KxBxWxI, (1)
|
where ?

Q = ground-water discharge (L3/T),

K = average lateral hydraulic conductivity of geologic units (L/T),

B = average thickness of geologic units (L),

W = width of section perpendicular to flow direction through which
discharge occurs (L), and

I = average hydraulic gradient parallel to flow direction; equals the
change in head per unit change in distance (L/L).

Discharge for each side of the river can be [calculated by applying
equation (1) along lines of equal hydraulic |potential, such as the
contour lines shown in figure 4, provided that values for K, B, W, and I
can be determined. In the study area in the vicinity of the Deschutes
River, W and I can be determined, but K and B are poorly known.

However, even though K and B are poorly known, if the product of K, B,
and W can be assumed to be approximately equal for each side of the
river, then for each side the value of Q differs only by the value of I.
Thus, if the total ground-water discharge to the Deschutes River is
known, it can be proportioned into east and west components on the basis
of different hydraulic gradients. The total ground-water discharge to
the Deschutes River between Round Butte Dam and Dant in August 1985, as
determined from streamflow measurements, was| 415 ft3/s.

The hydraulic gradients of the ground-water flow system near the
Deschutes River range from about 51 to 134 feet per mile, as determined
from figure 4. The average gradients were determined for each side of
the Deschutes River from Round Butte Dam to the confluence of Warm
Springs River. The average gradients|were calculated along nine
equally-spaced transects of the contours on each side of the river
between the 1,600- and 2,000-foot contours. The gradients were
determined far enough away from the river to' avoid large vertical head
differences that may be associated with convergent flow to the river.
The average gradients thus determined were about 78 feet per mile
(0.0148) for the west side and about 72 feet per mile (0.0137) for the
east side. The west side gradient was 52 percent (0.0148/(0.0137 +
0.0148)) of the total, and the east side gradient was 48 percent
(0.0137/(0.0137 + 0.0148)) of the total.
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On the basis of the assumption stated above and proportioning the
discharge in relation to the hydraulic gradient, 52 percent of the total
ground-water discharge (415 ft3/s), or 216 ft3/s, is contributed from
the west side of the river and 48 percent, or 199 ft3/s, is contributed
from the east side.

However, the assumption that the products of K, B, and W are the
same for each side of the river may not be valid; also the lines of
equal hydraulic potential may be different from those shown in figure 4;
for example, additional data would more accurately define the contours.
Because of these uncertainties and because the difference between the
calculated discharges from the east and west sides of the river is small
(4 percent of the total discharge), it can be reasonably inferred that
the average gradients may be approximately the same for both sides of
the river. Equal average gradients and equal values for K, B, and W
translate to about 207 ft3/s of ground-water discharge from each side of
the river.

Ground-water discharge to the Deschutes River, as summarized from
the above analysis, was estimated to range from about 207 to 216 ft3/s
for the west side of the river to about 199 to 207 ft3/s for the east
side. The discharge occurs between Round Butte Dam and the confluence
of the Deschutes River and the Warm Springs River. Below the confluence
with the Warm Springs River to Dant there is no discernible gain or loss
in the Deschutes River.

NEED FOR ADDITIONAL WORK

In order to improve the estimates for the amounts of ground-water
discharge from each side of the Deschutes River and to apportion
discharge for the Metolius River, there is a clear need for additional
ground-water data. It would be desirable to drill test wells to depths
as great as 2,000 feet. The test wells would provide lithologic and
hydraulic data about the ground-water flow system.

As noted in the previous section, sufficient hydraulic-head data at
depth is not available to verify model results. If new test wells could
be drilled to allow for better definition of the head distribution in
the flow system, a three-dimensional model analysis could become
practical. However, the costs of drilling numerous wells to adequately
define the flow system may preclude additional work.

SUMMARY

One of the purposes of this study was to determine the feasibility
of proportioning the total ground-water discharge to the Deschutes River
into east and west components based on available data. An attempt to
proportion the discharge through use of digital-computer models proved
unsuccessful because of the lack of data needed to verify model results.
A more simplified method, a form of Darcy’s Law for flow through porous
media, was used to apportion the discharge.

The amount of ground water that discharged directly to the
Deschutes River between Round Butte Dam and the confluence with Warm
Springs River, as calculated from streamflow measurements, was 415 ft3/s
during August 1985. Calculations for the river reach from the
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|
confluence of the Warm Springs RiveJ to Dant indicated no ground-water
inflow to the river during this period. An analysis of the hydraulic
gradients in the ground-water flow system on both sides of the Deschutes
River between Round Butte Dam and the confluence of Warm Springs River
indicated that the quantity of ground-water inflow from the west side
ranged from about 207 to 216 ft3/s, and for the east side from about 199
to 207 ft3/s. These amounts, determined during low-flow conditions, are
probably affected seasonally and annually by changes in the hydraulic
gradient in the ground-water system. As it appears from sparse data,
however, there probably are no large seasonal or annual variations in
ground-water levels in the system. \
|

The quantity of measured groundrwater inflow (415 ft3/s) did not
include water that seeped to tributaries of' the Deschutes River.
Rather, that water was accounted for| by streamflow measurements of those
tributaries and thus was regarded as surfac# runoff.

|

Streamflow measurements in September 1985 along the Metolius River
from the site above Jefferson Creek to the site below Camp Creek
indicated a gain of about 70 ft3/s. From the site below Camp Creek to
the gage above Lake Billy Chinook, the results of measurements indicated
a loss of 112 ft3/s. The lack of ground-water data precluded further
analysis of the relation between streamflow and the ground-water flow
system near the Metolius River. ‘
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